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Abstract 
Structural optimization in order to reduce costs associated with design and implementation always has been desired by 
engineers. Thus, the production of structural honeycomb beams with higher strength and lower cost since 1950 has been 
considered by engineers. Among the main features of these beams can be pointed to architectural features and height 
which resulting in greater strength and stiffness of the beams without the added weight of the beams. In this study, the 
overall cost is considered as objective function to optimization, also the effect of welding and cutting parameters is 
investigated. Due to (AISC_ASD) regulations, required limits are intended in design of beams. Finally, on terms of design 
variables and constraints, optimization of the beams using particle swarm algorithm is presented with an example. 
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1. Introduction 
In recent decades, in order to make the structure with more strength than less weight, beams with open 
sections are concerned by Engineers. Two common types of beams web are: beams with hexagonal holes 
which are known as Honeycomb and beams with circular holes, which are considered as cellular beams. In 
general, some benefits of these beams are: 
1. Greater heights rather than the original beam that result in more bending strength and bending rigidity. 
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2. Architectural feature of these beams are very useful for cross wires and tubes in structures. 
3. Basic advantage of these beams is adding bending capacity of load undergoing section without excess 
beam weight. Ultimately, this feature will lead to make a more economical structure. 
The programs have high convergence speed and accuracy of the answers provided by them is very high. 
But major problem is selection of initial point and local optimization. Thus, in recent decades, Meta Heuristic 
methods that are inspired by natural phenomena have been desired by engineers. The methods are including 
tabu search (TS), ant colony optimization (ACO), and genetic algorithms. Basic application of the methods is 
use in throughout optimization [1]. 
2. The Particle Swarm Algorithm 
The particle swarm algorithm as a modern algorithm was introduced by Iberhart and Kennedy in 1995 by 
inspiration of the birds' movement. Iberhart and Kennedy studied application of particle swarm methods in the 
development of artificial neural network. According to previous studies based on their own experience and 
their fellow experience about particles, they introduced gbest models to experience companions flying 
throughout the community and the Ibest model used to experience companions flying in the local 
neighbourhood. They developed their equations based on three following principles: 
Each particle is attracted towards the location of the nest. Each particle remembers its location nearest to 
nest. Each particle shares its information with all neighbouring particles close to the nest. 
Thus, the two equations provided by them which are governing on change design variables are: 
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ix  and 
t
iV represent the current speed of the particles in relation to its current position. i  show design 
variable and t is iteration number. ti1  and 
t
i2 are two random numbers which are selected between {0, 1}. C1 
and C2 sometimes are showed with φ1 & φ2 are acceleration coefficients and can be called them individual and 
social learning factors, also. tiPbest Show the best position has experienced by particle to t stage and 
t
igbest is 
the best position has experienced by all particles to t stage [2]. 
3. Design Criteria 
Before investigate design criteria of honeycomb beams is noteworthy to mention that regulations applied in 
present study is (AISC-ASD) regulations and application method is allowable stresses method. 
 
 
Fig. 1. Build manner of castellated beams. 
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3.1. Geometry Criteria 
In order to produce honeycomb beams from original beam, first create a cut along the centre line as breaker 
line. Then two cutting pieces placed on each other in result of transfer and welded together (Figure 1). Cutting 
height and the distance between them are variables but the restrictions should be considered. All section 
characteristic are given at Figure 1. 
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3.2. Bending Criteria 
One of the main criteria in analysis and design honeycomb beams is bending criteria. Bending stresses 
generated in these beams are as follow: 
1. The Axial stresses arising from Mx main bending which has linear distribution in Hs depth. 
2. Axial stress arising from secondary bending which have linear distribution in dr depth. 
So we can say, total stress arising from main bending of terminal fibers and similar fiber on the top of 
honeycomb beam section hole and axial stress arising from secondary bending in shape T section terminal 
fiber of critical region should be less than regulations allowed values.  
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Mx is main bending and mx is secondary bending. 
3.3. Shear Measure 
3.3.1. Vertical shear measure 
In holes location the shear in shape shield section create vertical shear stresses. Distribution of the shear 
stress was parabolic and its value is: 
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Q  is Maximum area moment, It is shape shield section inertia moment and fvv is Maximum regulation 
allowable stress. 
3.3.2. Horizontal shear measure 
If we consider one pitch hole, we will find shear force creates on the distance between holes because of 
change axial force, and its value is: Vh=q.s 
q is horizontally shear flow in bending axis. Due to the distribution of shear stress in beam web in distance 
between the holes is a parabolic distribution, thus its maximum value is: 
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In general, if the values of shear stress (vertical or horizontal) exceed the amount allowed by the 
regulations this defect can be remove by fill distance between holes. 
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3.4. Direct Compressive Stress Measure in Web 
Forces acting on honeycomb beam ranging wide spread to concentrate loads if act on upper wing, half of 
the loads in holing area must be cross from web section. Beam Web acts like a Compressive column in 2d 
height. Thus, Compressive stress of the column is: 
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Where F(a) is compressive allowable stresses that determined based on the column slender ratio [3-5]. 
3.5. Deformation Measure 
Forces Honeycomb beam deformation is composed of two parts: 
1) Deformation arising from pure bending is obtained by assuming simple bending theory. 
2) Deformation arising from cutting, cause beam behaviour is similar to vierendeel beam. 
Thus, according to research findings can be written: 
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First term show deformation arising from bending but second term represents deformation arising from 
shear. The C1 and C2 coefficients are obtained by using of cure proportion techniques and load type and 
support conditions. Or if the load is concentrated can be written: 
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K1 & K2 determined based on support conditions. Ieff & Aeff are inertia moment and effective shear area [6]. 
4. Objective Function 
Main aim at optimization problem of structures in civil engineering is weight optimization. But because of 
in such beams, cutting and welding parameters are important therefore, selecting cost objective function is the 
most appropriate option. In present study, objective functions determined as follows: 
ALCLCLCt U32211cos     (12) 
L1 is cutting line length, L2 is weld line, L total length of beam and A is original section level. C1=0.3 and 
C2 =1 are cost coefficients of cut and welded based on dollar per length unit. C3 =0.8 is consumption steel cost 
at original beam based on dollar per unit of weight. 
5. Design Variables 
In this study, in order to produce and design honeycomb beams were used from W sections. Among other 
design variables, we can refer to cutting height and cutting angle and distance between holes or holes number. 
It should be noted that knowing the cutting height, cutting angle and distance between the holes can be easily 
calculate the holes number. If the number of holes and the cutting height and cutting angle are distinguishes; 
thus, distance between holes is calculable. 
6. Design Constraints 
In general beams honeycomb, are under affect a large number of geometric and design constraints. 
Depending on the height and distance between holes can be written: 
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In terms of design criteria can be written: 
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Fp1 and Fp2 are regulations allowable values of total effects of axial stress arising from primary and 
secondary bending in the sections. 
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Fv is regulation allowable vertical shear stress and Fh is maximum horizontal shear stress value in 
accordance with the regulations. 
G9) f-a_F(a) ≤ 0 
F (a) is maximum column compressive stress. 
     G10) y – max _L/360 ≤ 0 
L/360 is maximum amount allowed to constrain maximum transformation of beam. Penalty functions. 
There are various solutions in particle swarm algorithm to design constraints. So, common solutions which 
use in engineering problems have been suggested by Krishnamurthy and Rajeev. The penalty function is a 
measure to determine amount exceeding of design limit. In fact, in projects which design constraints are not 
met, this function will be fine to decrease their competent. Therefore, in this study, after normalize the design 
constraints: 
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The final function is achieved as follows: 
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Where fit is marginal cost and n is design constraints. 
7. Numerical Example 
A beam as shown in figure 2, with length of 4 m under a 5000 N/m wide spread dead load and a 50× 103 N 
concentrated load has placed at mid of span. Elasticity Modulus of steel is considered and the yield stress of 
steel is 2400 kg/cm2 .Sections used to design are W4×13 4 to W44×333. 
 
Fig. 2. Castellated beam under effect a wide spread and a concentrate load 
Table 1. Obtained results of the particle swarm algorithm in beam honeycomb under effect a wide spread and a concentrate load 
 Particle Size 
Generation 
Number 
Section 
Name 
Cutting 
Height  
Cutting 
Angle  
Holes 
Number 
Marginal 
Cost 
Best Result (PSO) 20 200 W12×16 150 63 11 74.53 
Average Result       77.31 
Standard deviation       2.48 
Cutting height and distance between holes and cut angle has been calculated to 1 degree. Holes number in 
design with change 1 unit has considered in program. MATLAB program is used for programming. In order 
to compare obtained results with results obtained by the genetic algorithms used from this program, also. 
Obtained results are shown in table 1. 
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If cutting cost is zero, the most optimization cost and section will be such as table 2: 
Table 2. The results of remove cutting cost in honeycomb beam under effect a wide spread and a concentrate load 
 Section Name 
Cutting 
Height  
Cutting 
Angle  
Holes 
Number 
Marginal 
Cost 
GA W12×16 151.8 63 10 75.8 
PSO W12×16 156.9 64 11 72.98 
 
If boiling cost is zero, we see results in table 3: 
Table 3. Obtained results of remove welding cost in honeycomb beam under effect a wide spread and a concentrated load 
 Section Name 
Cutting 
Height  
Cutting 
Angle  
Holes 
Number 
Marginal 
Cost 
GA W12×16 151.8 63 10 77.01 
PSO W12×16 156.8 63 11 73.68 
 
If welding and cutting cost is zero, in table 4 we can see: 
Table 4. Obtained results of remove welding and cutting costs in beam honeycomb under effect a wide spread and a concentrated load 
 Section Name 
Cutting 
Height  
Cutting 
Angle  
Holes 
Number 
Marginal 
Cost 
GA W12×16 151.7 63 10 74.8 
PSO W12×16 156.7 64 11 71.48 
 
And in figure 3 Convergence manners of algorithms shown in order to obtain optimal solution: 
 
Fig. 3. Convergence manner of algorithms, in order to obtain optimal solution for a castellated beam under effect a wide spread and a 
concentrated load  
8. Conclusion 
In this study used from various design variables including select original beam, cutting height, cutting 
angle, distance between holes or holes number to optimize design of beam. On the other hand, due to the 
impact cutting and welding cost in the example was determined; affect cutting cost was more than welding 
cost. As well as due to the coefficients which are considered for each of these parameters, can be seen effect 
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of them in objective function is approximately 4%. We know that change costs of welding, cutting and beam 
weight cause change objective function value and objective function variable. Therefore can be seen that, 
consider each of these parameters is essential in optimal design. In optimization process of honeycomb Beams, 
this result was obtained by using PSO & GA algorithms that both of these algorithms are suitable for Meta 
research in beams optimization problems. Obtained results are close to each other, but in general can be said, 
obtained result of PSO algorithms is better than GA algorithm results. Also, average results of PSO algorithm 
are closer to the optimal solution than GA algorithm, as well as the standard deviation of the results is small. 
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